Pulse-synchronous tinnitus suggests a vascular etiology and is deemed rare by the otologic literature. During the period 1978-1985 we evaluated 20 patients with the sole or initial complaint of pulsatile tinnitus. Fourteen patients had objective pulsatile tinnitus, perceived by the patient and the examiner alike, and 6 had subjective pulsatile tinnitus, perceived by the patient only. Angiographic findings in patients with objective pulsatile tinnitus included dural or pial arteriovenous malformations, occlusive disease of the intra-or extracranial carotid arteries from atherosclerosis or dissection, panarterial ectasia, and venous sinus thrombosis. Most of the patients with subjective pulsatile tinnitus had normal evaluations, but other possible causes of subjective pulsatile tinnitus included a carotid occlusion and pseudotumor cerebri. Pulsatile tinnitus is an uncommon symptom produced by a variety of causes. Given the abnormalities present in our series, we would recommend intraarterial digital subtraction angiography or conventional angiography in the evaluation of objective pulsatile tinnitus and intravenous digital subtraction angiography for subjective pulsatile tinnitus. Increased intracranial pressure must also be considered. (Stroke 1987; 18:252-256)
T INNITUS may be classified as "subjective", perceived only by the patient, or "objective", perceived by the patient and examiner alike. When tinnitus is pulse-synchronous, a vascular etiology is suggested.
The causes and evaluation of pulsatile tinnitus have not been adequately addressed in the neurologic literature. The otologic literature suggests that objective tinnitus is uncommon or, when of vascular origin, rare. The most common cause cited is a dural arteriovenous malformation (AVM), 12 usually involving branches of the external carotid artery (occipital and greater auricular branches) and the transverse sinus. Other causes include traumatic or spontaneous carotid-cavernous fistulae, 3 " 3 AVM's of the neck, 4 -6 -7 increased intracranial pressure, 38 high cardiac output states (anemia, thyrotoxicosis, or beri-beri), 89 intracranial aneurysms, 9 vascular tumors of the temporal bone and cerebello-pontine angle,*-* and possibly, asymmetry of the jugular bulbs. l0 There have been few documented cases of objective pulsatile tinnitus ascribed to ectatic, dissected, stenotic, or occluded craniocervical arteries.
1416 "' 2 Subjects and Methods During the period 1978-1985, 20 patients with the sole or initial complaint of pulsatile tinnitus were identified and reviewed (Table 1) . Of these, 14 had audible bruits about the orbits, cranium, or neck and were classified as having objective pulsatile tinnitus. The remaining 6 had no audible bruits and were classified as having subjective pulsatile tinnitus. The group comprised 15 women aged 26-76 years and 5 men aged 41-79 years. The tinnitus lateralized to the left in 10 patients, to the right in 5, and was bilateral in 5. The duration of tinnitus at the time of presentation ranged from 1 week to 11 years. Nineteen patients had imaging of the intracranial and cervical vessels by conventional film screen angiography (FSA), intraarterial (IA-DSA), or intravenous digital subtraction angiography (IV-DSA). The results of angiographic findings are summarized in Table 2 . One patient had only computed tomography of the head with and without the administration of contrast material. Follow-up from 3 months to 7 years was obtained for 18 patients. During the follow-up period, pulsatile tinnitus resolved in 5 patients, improved in 3, and did not change in 10.
Objective Pulsatile Tinnitus
Of the 14 patients with objective pulsatile tinnitus, 5 had angiographic demonstration of an ipsilateral dural AVM supplied primarily by branches of the external carotid artery and draining into the transverse or lateral venous sinus. In these patients the bruit localized to the region of the mastoid (Table 1, Cases 7-11; Figure 1) .
Occlusive arterial disease was demonstrated in 4 patients ( Figure 1 ). One patient presented to an outside institution for evaluation of pulsatile tinnitus and contralateral retro-orbital pain. Examination at that time revealed an ipsilateral cervical and periauricular bruit as well as a diaphragmatic paralysis and contralateral Homer's syndrome. Angiography revealed marked tapering stenosis of the internal carotid arteries (ICA) bilaterally suggesting spontaneous dissections ( Figure  1 ). Upon evaluation at our institution 3 months later, his tinnitus and bruits had resolved and an IV-DSA was normal, documenting the spontaneous resolution of bilateral carotid dissections (Table 1 , Case 4). Three patients had significant stenosis or occlusion of the ICA at the siphon or at the carotid bifurcation (Table 1 , Cases 1, 2, 3).
Subjective Pulsatile Tinnitus
Of the 6 patients with subjective tinnitus, 3 could alleviate the tinnitus by rotating their head to the ipsilateral side. One of these patients had pseudotumor cerebri and experienced transient relief from tinnitus FIGURE Discussion Given the proximity to the auditory apparatus of the petrous portion of the carotid artery, the sigmoid sinus, and the jugular bulb, it is surprising that pulsatile tinnitus is not a more common complaint with lesions of these vessels. With the symptom of pulsatile tinnitus, a vascular anomaly is often suspected. In 1938, Sears 9 wrote of intracranial arterial aneurysms that it was "commonly believed and often stated that a bruit audible to the patient and on auscultation is generally present in this condition." However, objective tinnitus was described in only 4 of 22 cases of intracranial aneurysm and 1 of 13 cases of "angioma racemosum" by Bergstrand et al 13 and in 2 of 7 cases of arteriovenous aneurysms by Dalsgaard-Nielsen.
Examples of angio graphic lesions causing pulsatile tinnitus, clockwise from top left: a) dural arteriovenous malformation affecting the transverse sinus, b) carotid siphon stenosis, c) internal carotid artery dissection, d) intrapetrous carotid artery aneurysm (clinical details unavailable).
14 In a series of 555 intracranial aneurysms, only 2 had an intracranial bruit. More recently, pulsatile tinnitus has been recognized as a common symptom of dural AVM's. In the series of Houser et al 2 with AVM's affecting the transverse dural venous sinus, 10 of 14 patients had objective pulsatile tinnitus.
Occlusive arterial disease is less recognized as a cause of subjective or objective pulsatile tinnitus. In 1931, Hamburger 3 reported a case of an elderly woman with angina pectoris and head noises who had subclavian and bilateral carotid bruits. No angiography was performed. He presumed that murmurs from atheromatous carotid arteries were being conducted to the skull, a concept perhaps first introduced by Jacobson 15 in 1882. Hentzer's 4 study of patients with objective vascular tinnitus included 2 patients, 1 with an "ICA atheroma" whose tinnitus resolved after endarterectomy and 1 with an "ICA stricture" whose tinnitus spontaneously disappeared after a few months. Holgate et al 6 described 1 patient with pulsatile tinnitus who had an ICA stenosis, a contralateral carotid occlusion, and a persistent primitive hypoglossal artery. He believed that each of the angiographic findings could be causes of pulsatile tinnitus. In our series, 4 patients had occlusive disease of the carotid arteries consisting of high-grade extra-or intracranial internal carotid stenoses or internal carotid occlusions. In 3 of these 4 patients the occlusive disease was atherosclerotic in nature, and these patients also had evidence of coronary artery disease and other risk factors for vascular disease. The patients with arterial ectasia and carotid dissections had no risk factors for vascular disease. Pulsatile tinnitus is a common symptom in extracranial carotid artery dissections. 1 Although estimated to be the major complaint in 4% and an associated complaint in 35% of patients, its significance has been overlooked. The complex of sudden pulsatile tinnitus in association with neck or face pain, Homer's syndrome, and symptoms of cerebral ischemia is highly suggestive of extracranial carotid artery dissection.
In 1902, Mann 16 demonstrated that head rotation decreased the venous return from the ipsilateral side of the brain and increased the flow in the contralateral jugular vein. The presumed mechanism was a "propping open" of the contralateral jugular vein and squeezing of the ipsilateral jugular vein by their respective sternocleidomastoid muscles. Graf et al 17 described this characteristic relation of head position to tinnitus intensity in his patients with "essential tinnitus"; turning the head toward the side of the tinnitus, or the "negative sternocleid position," decreased the tinnitus. This prompted many theories of turbulence in the area of the jugular bulb producing pulsatile tinnitus as well as surgical procedures designed to decrease jugular venous flow, primarily by jugular vein ligation. Hardison et al 18 reported lasting relief from tinnitus with jugular vein ligation in 1 patient although in Hentzer's 4 series, only 1 of 3 patients treated similarly had lasting relief. Given the benign prognosis of pulsatile tinnitus of presumed venous origin, jugular vein ligation is seldom indicated.
In summary: Pulsatile tinnitus is an uncommon complaint produced by a variety of causes. When the pulsatile tinnitus is objective, an angiographic abnormality is usually demonstrated; and given the nature of the lesions in our series, we recommend that IA-DSA or conventional angiography be done. A mastoid bruit suggests a dural AVM involving the transverse sinus, and additional selective injections of the external carotid artery may be necessary. In our series, occlusive atherosclerotic disease of the ICA was a common cause of pulsatile tinnitus, particularly when it was objective and associated with risk factors for atherosclerosis.
Patients with subjective pulsatile tinnitus are more likely to have a normal angiographic study. The etiology of the tinnitus is presumed to be turbulence within the venous system, especially when it is affected by alterations in head position. However, since 1 of our cases with subjective pulsatile tinnitus had an ipsilateral carotid occlusion, we recommend evaluation of these patients with IV-DSA or noninvasive tests.
